Summary. An understanding of the mechanisms of transport of circulating nutrients and hormones through the brain capillary wall, i. e., the blood-brain barrier, is important because the availability in brain of these substances influences a number of cerebral metabolic pathways. For example, the utilization by brain of glucose, ketone bodies and branched chain amino acids or the production of monoamines, acetylcholine, carnosine, and nucleosides may under certain conditions be influenced by BBB transport of circulating precursor nutrients. Steroid and thyroid hormones readily traverse the BBB via lipid-mediation and carrier-mediation, respectively. Although the steroid and thyroid hormones are tightly bound by plasma proteins, protein-bound hormone, not the free (dialyzable) moiety, is the major plasma fraction transported through the BBB. With regard to circulating peptides, the available evidence indicates peptides rapidly distribute into brain interstitial space of the circumventricular organs of brain, i. e., about six small regions around the ventricles which lack a BBB. Conversely, the absence of peptide carriers in the BBB prevents the rapid distribution of peptides into the vast majority of brain interstitial or synaptic spaces. However, recent studies indicate that some peptides, e. g., insulin, may bind specific receptors on the blood side of the BBB and thereby transmit messages to cells on the brain side of the BBB, without the peptide traversing the capillary wall.
steroid hormones, thyroid hormones, peptides junctions. In addition, brain capillaries have a paucity of pinoeytosis and few, if any, fenestrations. These structural features comprise the anatomical basis of the blood-brain barrier (BBB), the permeability properties of which are determined by the endothelial plasma membranes. The cerebral capillary endothelia plasmalemma is effectively the cell membrane of the entire brain with regional specializations. The presence of the BBB prevents circulating water-soluble substances from rapidly distributing, via free diffusion, into brain interstitial or synaptic spaces. Only two routes of penetration into brain are available for blood-borne substances: (i) lipid-mediation, in the ease of lipid-soluble compounds such as steroid hormones [2] , melatonin [3] , or free fatty acid [4] , or (ii) carrier-mediation, in the case of watersoluble compounds which have an affinity for one of nine specific transport systems located in the BBB (Table 1) . This chapter will review the basic mechanisms by which nutrients or hormones traverse the BBB by either carrier-or lipid-mediation. In the case of nutrient transport, special emphasis will be placed on the regulatory role of BBB transport in the control of substrate-limited pathways of cerebral metabolism. With regard to hormone transport, the rapid transport through the BBB of protein-bound steroid and thyroid hormones will be emphasized. Finally, the role of the BBB in regard to circulating neuropeptides will be discussed and the hypothesis will be advanced that peptides do not cross the BBB, but may bind and activate specific receptors on the luminal aspect of cerebral endothelia.
The capillaries of virtually all vertebrate brains are characterized by unique anatomical features [1] . The adjacent endothelia of cerebral capillaries are tightly fused together by high resistance, epithelial-like tight
Nutrient Transport
The importance of carrier-mediated transport of essential nutrients (e. g., glucose, ketone bodies, amino acids, choline, purine bases and nucelosides) 0012-186X/81/0020/0246/$01.80 at the BBB becomes apparent when one recognizes that not all pathways of brain metabolism are ratecontrolled by the catalytic activity (Km, Vmax) of intracellular enzymes. Rather many, if not most, pathways of cerebral metabolism can be influenced by the availability of blood-borne substrate made available to rate-limiting enzymes. The availability of essential substrates in brain is controlled by both plasma levels of the substrate [9] and the activity (Kin, Vmax) of BBB transport systems. The nutrient transport systems (Table 1) have been discussed in detail in previous reviews [5, 7, 10] . The pathways mediating the metabolism of these nutrients are classified in Table 2 according to whether the pathway is substrate-limited (transport-dependent) or enzymelimited (transport-independent).
There are two types of substrate-limited pathways (Table 2) . If the slow step in the pathway is BBB transport, then the pathway is transportlimited; these pathways are easily identified experimentally, e. g., the intracellular precursor concentration is immeasureably low. Examples of transportlimited pathways of brain metabolism are ketone The second major class of substrate-limited pathways in brain are those limited not by BBB transport, but by an intracellular enzyme. However, owing to an intracellular precursor concentration less than or equal to the Km of the rate-limiting enzyme, then BBB transport, by controlling precursor availability, may still be a rate-affecting step in the pathway [5] . Examples of such pathways are routes of amino acid metabolism. For example, the following putative neurotransmitter compounds, serotonin, catecholamines, histamine, and carnosine, are synthesized from tryptophan, tyrosine, and histidine, respectively, via substrate-dependent reactions [22, 23, 24] . In addition, the rate of synthesis of S-adenosyl methionine [25] , the oxidation of branched chain amino acids [26] , or the production of acetylcholine [27] is, respectively, influenced by the availability of methionine, branched chain amino acids, or choline. Another important pathway of brain amino acid metabolism is protein synthesis. Protein synthesis in tissues of the CNS becomes half-saturated at about 10 uM amino acid [28] , a concentration which is less than 10% of amino acid pools in brain; therefore, cerebral protein synthesis is normally independent of amino acid availability. However, if amino acid pools in brain are contracted due to decreased BBB transport of essential amino acids, e.g., as occurs with selective hyperaminoacidemias, then brain protein synthesis may become substrate-limited.
Another pathway of brain metabolism which may be substrate-limited is the salvage by brain of circulating purine bases. The recognition that brain cannot synthesize purine bases at rates sufficient to meet tissue demand for the compounds means that purine bases should be regarded as essential nutrients to the brain (see [5] ). In peripheral tissues, the conversion of extracellular nucleoside is limited by cell membrane transport of the bases [29] . Whether a similar transport-limitation occurs in brain for purine base utilization is not known at present, due principally to the critical lack of information on brain purine base levels. Purine nucleosides, e.g., adenosine, exist in brain at a concentration of about 1 uM [30] , which approximates plasma adenosine levels [31] , but data on purine base levels obtained with the requisite highly sensitive methods needed for resolution and W. M. Pardridge: Blood-Brain Barrier quantitation are thus far apparently not reported. One indirect observation which indicates the developing brain is critically dependent on the supply of purine bases is the fact that the rate of adenine transport through the newborn rabbit BBB is about 10-fold faster than transport in the adult animal [32] .
Modulations of BBB Nutrient Transport
Given the many pathways of brain metabolism that are subject to substrate-limitation (Table 2) , information on the modulations of BBB transport phenomena is critical to an understanding of the regulation of brain metabolism under normal or pathologic conditions. Perhaps the most dramatic example of widespread modulation of barrier transport systems is the newborn period [32] . While it is often stated that the newborn BBB is less developed than in the adult, the BBB of the newborn is actually a highly developed membrane system. The endothelial tight junctions, i. e., the anatomical basis of the BBB, are already formed by the first trimester of human fetal life [33] . Moreover, in the newborn rabbit brain, there are striking increases in the activity of three BBB transport systems: the choline carrier, the purine base system, and the basic amino acid carrier are all much more active relative to the adult [32] . Basic amino acids (arginine, lysine) are generally regarded as essential nutrients and, as such, are administered to ill newborn patients. However, such compounds as choline or adenine are not generally regarded as essential dietary nutrients needed by the developing brain and, consequently, are not usually administered via parenteral nutrition to newborns. However, the dramatic increases in BBB transport of choline or adenine in the newborn is compelling evidence that the developing brain requires choline and adenine in increased amounts. Moreover, ornithine, a non-essential amino acid and a precursor to polyamines, is not regarded as an essential nutrient for brain. However, the dramatic increase in BBB basic amino acid transport in the newborn may represent an adaptation by brain to increase cerebral ornithine supply, apart from the internal conversion of brain arginine to ornithine.
Another example of diet-related modulations of a BBB transport system is the induction of the monocarboxylic acid carrier (Table 1) , which occurs under states of ketosis, e. g., the suckling period, fasting, or high fat diets [14, 15] . Moreover, since ketone body utilization is limited by BBB transport [13] , the degree to which the carrier is induced sets the overall pace of ketone body utilization. Moreover, recent autoradiographic studies by Hawkins and coworkers [13] , indicate the presence of a marked regional specificity to BBB transport and brain utilization of ketone bodies. For example, lower cortical areas selectively consume fl-hydroxybutyrate relative to upper cortical regions.
An example of modulation of a BBB transport system under pathologic conditions is the induction of the neutral amino acid carrier which occurs in hepatic encephalopathy [34] . James, Fischer, and associates [35] , have suggested a provocative hypothesis which may explain the mechanism of the induction process. Brain ammonia is increased in hepatic encephalogpathy and, consequently, the level of brain glutamine is elevated. Glutamine is a neutral, non-essential amino acid, which has only a modest affinity for the BBB neutral amino acid carrier [36] . However, glutamine is unique among the amino acids in that the CSF level and presumably the interstitial concentration is nearly equal to the plasma glutamine level [37] . Conversely, the CSF level of other amino acids is only 10=15% or less of the corresponding plasma level [37] . Consequently, the majority of BBB neutral amino acid transport sites on the brain side of the BBB are occupied by glutamine. The neutral amino acid system demonstrates exchange diffusion [38], i. e., when the carrier is loaded with substrate, e.g., glutamine, it moves through the BBB faster than unloaded carrier [39] . The enhanced carrier mobility through the membrane is reflected by an increased Vma x [34] . James et al. [35] have observed an increase in Vma ~ in parallel to ammonia-induced increases in brain glutamine. Moreover, the glutamine-induced acceleration of the activity of the BBB neutral amino acid carrier results in enhanced influx into brain of circulating neutral amino acids. Since tryptophan, tyrosine, and histidine are neutral amino acid precursors to putative neurotransmitters, the rate of glutamine production and efflux from brain may be ultimately linked to monoamine production via glutamine induction of the BBB neutral amino acid carrier [35] .
Steroid and Thyroid Hormone Transport
The impact of steroid or thyroid hormone availability in brain is best demonstrated by the striking encephalopathy associated with corticosteroid or thyroid hormone deficiency or excess [40, 41] . Moreover, the supply in the developing brain of gonadal steroid is believed to be linked to the development of sexually dimorphic behaviors [42] . Since the steroid hormones enter brain via lipidmediation, i.e., free diffusion [2] , and the thyroid hormones traverse the BBB by a carrier system with a Km that is high relative to thyronine plasma levels [8] , the supply in brain of these hormones is a function of the existing plasma concentration. The interpretation of plasma levels of steroid or thyroid hormone is complicated by the active protein binding of these substances. The problem of protein binding effects has generally been resolved by the somewhat simplistic view that the fraction of hormone that is free, non-protein bound, in vitro at equilibrium is equal to the fraction of hormone that is free in vivo, e.g., at the brain capillary. Therefore, the free hormone in vivo may be measured by simply multiplying the total hormone level by the free, e. g., dialyzable, fraction in vitro. Certainly, no one would argue that the dynamics of hormone flux through the BBB, or through any cell membrane, may be more intricate than processes which occur in a test tube. In fact, hormone transport in vivo is a function of three parameters which are not measured by in vitro studies at equilibrium. These parameters are: (i) the capillary tansit time, e. g., 1-5 sec, (ii) the unidirectional rate of hormone debinding from the protein, e.g., msec to sec, and (iii) the half-time of hormone flux through a biological membrane, e. g., msec to sec, for the steroid or thyroid hormones [2, 8] . That is, the free fraction of hormone in vivo is a time-and permeability-dependent parameter. Therefore, for a tissue such as liver, wherein the capillary transit time is longer and, owing to the extensive surface area of the hepatocyte cell membrane, the permeability is greater, the free fraction of hormone in liver may be greater than that in brain capillaries [43, 44] . The free fraction of hormone in both brain and liver Jhas been measured for a number of steroid and thyroid hormones. These results are summarized in 'Fable 3. Briefly, on the basis of these studies, the following generalizations may be reached. (i) The free (dialyzable) fraction of hormone is trivial compare.d to the large protein-bound moiety that is available for transport into brain. (ii) Albumin-bound hormone is readily transported into tissues. (iii) Hormones bound to such globulins as TBG, SHGB, or CBG (Table 3) are not transported into a tissue such as brain but TBG-bound T3, SHGB-bound estradiol, or CBG-bound corticosteroid is readily transported into liver; therefore, the function of the binding globulin may be to amplify the amount of hormone available to the metabolically active liver, relative to peripheral tissues such as brain.
Peptides and the Blood-Brain Barrier
Peptides are water-soluble substances and, consequently, are not able to rapidly traverse the 13BB via lipid-mediation. Moreover, specific peptide transport Insulin is another peptide which has been shown to not cross the BBB [49] . However, the CSF/plasma ratio of insulin is about 25% [50] or approximately 10-fold the CSF/plasma ratio for inulin [51] , an extracellular space marker of comparable molecular weight (mw 5000) as insulin. The high CSF/plasma ratio for insulin indicates the peptide is selectively transported into brain. This latter suggestion is not in contradiction to the observation that insulin does not cross the BBB. About 0.5% of the brain capillary surface area perfuses the circumventricular organs (CVO) of brain (see [48] ), e.g., the median eminence, the organum vasculosum of the lamina terminalis, the subfornical organ, the subcommissural organ, the area postrema, and the choroid plexus. With the exception of the subcommissural organ, the CVO's are characterized by an absence of the BBB [52] .Therefore, circulating substances, e. g., peptides, readily gain access to brain interstitial fluid in the CVO's and then may be selectively transported into ventricular CSF by specific ependymal transport mechanisms.
In addition to providing a mechanism by which peptides may gain access to ependymal transport systems, the CVO's may also, by virtue of the absence of the BBB, provide a mechanism by which circulating peptides may come in direct contact with neuronal elements. Elegant studies recently reported by Van Houten, Posner and associates [53] have documented the presence of specific, saturable insulin receptors in nerve terminals of the median eminence and its contigious region, the arcuate nucleus.
The previous discussion has emphasized the view that peptides may slowly gain access to brain by selective transport through the ependyma of the CVO's or may rapidly gain access to neuronal elements within or contigious with the CVO's. Conversely, the rapid distribution of circulating peptides into brain interstitial or synaptic spaces is prevented by the absence of specific transport systems in the BBB. However, it may still be possible for circulating peptides to rapidly transmit signals to cells on the brain side of the BBB given the presence of peptide receptors on the blood side of the BBB. In fact, Van Houten and Posner [54] have recently documented the presence of saturable insulin receptors on the endothelia of brain capillaries. Moreover, direct in vitro evidence for specific insulin receptors on brain capillaries has recently been obtained with a BBB radio-receptor assay; (125I) insulin binds to isolated cerebral microvessels by a saturable process that is 50% inhibited by 1 nM insulin, but which is not saturated by large doses of other peptides such as prolactin, thyrotropin, or growth hormone [48] .
In addition to characterizing the BBB receptor for insulin (and receptors for other peptides), the isolated brain capillary [55] may prove to be a useful preparation for elucidating the second messenger(s) released to brain interstitial space by insulin binding to the endothelial receptor. Such putative second messengers may then mediate insulin action on the brain. Although insulin is known not to stimulate transport of either glucose [56] or potassium into brain [55, 57] , insulin does increase cerebral glycogen synthesis [58] . 
Discussion after Pardridge's Presentation
Fernstrom: If glutamate is indeed transported out of brain by the transport system working in reverse, then aspartate and glycine should logically be extruded as well. Perhaps it is the case that the CNS gets rid of all of its amino acid neurotransmitters by this method; or perhaps it is simply a mechanism that allows for metabolites to be pumped out.
Pardridge: All of these are possible.
Fernstrom: Is it possible that separate selective transport systems exist for expelling compounds from the brain? or is it a bidirectional system?
Pardridge: If it's a bidirectional transport system, the permeability on the brain side has got to be the same as the permeability on the blood side. You couldn't get glutamate out any faster than the blood-side permeability would permit. And since we know the permeability of glutamate on the blood side, one couldn't explain the rapid expulsion you suggest. There would have to be an asymmetry if it is being produced that fast and getting out. There would have to be a specific mechanism for getting it out.
Fernstrom: When PRL is given IVT, it causes a decrease of PRL secretion. Does PRL get into the CNS via the CSF? or into the anterior pituitary? or how might it normally cause this effect?
Pardridge: It is unlikely to enter at the anterior pituitary, so it must get in elsewhere. It is a much smaller molecule than HRP so it would have no trouble entering at the median eminence from the blood. From the CSF, it could not get into the median eminence unless that area has a specific transport system for PRL, and this has never been reported. It might also get there very slowly by entering adjacent brain areas where there is no CSF-brain barrier and then backtracking into the median eminence.
Fernstrom: You speak highly of the Oidendorf technique, but isn't it actually limited because it uses whole brain rather than specific brain areas?
Pardridge: That has been true in the past, but the method can easily be adapted to study specific brain areas. One would simply inject a greater amount of specific activity into the carotid and then use the Palkovitz technique to punch out areas of interest.
Fernstrom: Can one get around the problem of blood brain barrier permeability by having some kind of tag attached to a molecule?
Pardridge.'. The phenomenon you suggest is called latentiation. The classic example of it is the potentiation of morphine entry into the brain by the addition of certain side chains such that the molecule is converted to heroin. Heroin is two log orders more permeable through the BBB than morphine because the latter has two hydroxyl groups (Science (1972) 178: 984) . Each hydroxyl group lowers BBB permeability by a log order. But you can mask those by the addition of two acetyl groups and thereby increase the permeability by those same two log orders. Heroin is therefore a vehicle for getting the morphine molecule into the brain. So instead of a first-pass extraction of 1%, you get 60%. Once the molecule gets into the brain, capillary pseudo-cholinesterase causes its reconversion to morphine. The same thing could be done to block polar groups on peptides; i. e., to add apolar groups such as acetyl groups. These could then be cleaved once the peptide achieved distribution within the brain. This could all be done in a goodpharmacology lab.
B. Jeanrenaud." Are there selective inhibitors for selective transport systems?
Pardridge: Yes, for example, when you administer 2-deoxyglucose (2-DG), yet get a kind of hypoglycemic reaction. If you can achieve a 2-DG level of 100 mg%, it will saturate the glucose transport carrier site and essentially starve the brain of glucose. The neutral amino acid transport system could be blocked with cyclo-leucine, a nonmetabolizable analog. There are no good inhibitors of the monocarboxylic acid clactate-ketonebody system. Alphacyano-hydroxycinnamic acid could possibly be an inhibitor of the ketone body transport system. There's no good nonmetabolizable amino acid analog for the basic amino acid transport system. Caffeine is a purine-like compound which may be an inhibitor of the purine transport system. But to answer your question, yes, there are a number of drugs one could use to saturate specific transport systems. Conversely, there are also a number of drugs which look like brain nutrients and which therefore easily gain access to the brain.
Bray: From what you've been saying, the brain ought to allow the entry of steroids in spite of special binding compounds such as alpha fetoprotein. How does alpha fetoprotein work given that bound compounds still have access to the brain?
Pardridge: This has been studied mainly in the rat. Alpha fetoprotein of the newborn rodent binds estradiol; that of man and fetal calf does not. In terms of our current thinking on the developing rodent brain, it's believed that testosterone enjoys relatively free diffusion into brain but that estradiol, by virtue of the binding properties of alpha fetoprotein, does not. It inhibits estradiol influx by around tenfold but does not abolish estradiol transport into brain. Its binding half time is around 11/2 to 2 seconds, which is slightly longer than transit time through brain capillaries.
Others have data on a binding protein peculiar to the pregnant guinea pig. It binds progesterone. Westphal has measured the kinetics of the reactions at 37 ~ C and finds a debinding half time of 1.8 seconds. Pardridge." There is a blood-retinal barrier. The retinal capillary, like the brain capillary, has very tight junctions. Compounds without lipid solubility or specific transport systems cannot therefore pass. Also, analogous to the CVOs of the brain, the leaky choroidal capillaries of the eye enable certain compounds to enter the eye interstitial space. These in turn are kept out of the retina by the tight junction layer of the pigment epithelium, but the latter does have some specific transport systems. Vitamin A gets into the retina when retinol binding protein escapes from prealbumin and passes through the choroidal capillaries. It then reacts with a retinol/vitamin A binding receptor on the pigment epithelium. In the placenta, there is not a filtration barrier, but rather a diffusion barrier. There's also a blood-testes barrier. Tight junctions in the Sertoli cells keep materials out of the tubules. The permeability factors of the Sertoli cells are very similar to those of the BBB.
Kroc: How does rT3 play a role?
Pardridge: It competes with T3 for its transport sites, but it is probably normally not much of a factor at in vivo concentrations. The km of the T3 transport system probably evolved more to compete with albumin than to allow for the physiological competition of various thyronines.
Brown: How does anesthesia effect the system you have reviewed?
Pardridge: All of our studies have been done using barbiturate anesthesia. A few studies have compared results in awake and barbiturate anesthetized animals using carotid catheters. In general the findings are the same. The one exception is that the neutral amino acid transport system seems to be accentuated by barbiturates (J. Neurochem. (1979) 33: 963) .
Fernstrom:
In diabetes, retinal capillaries show degeneration. Is the BBB also degenerated?
Pardridge: There has been some recent work in this area.
CSF protein levels are known to be high in the diabetic. It probably is due to a faster influx of protein more than a slower efflux, but it could be due to either. In fact, the CVOs are most likely to be affected. Normally, the fenestrations of CVO capillaries keep out albumin, but this function may be compromised in the diabetic.
Sclafani: How do electrolytic lesions effect the BBB?
Pardridge: There have been some studies using trypan blue suggesting that the dye leaks into adjacent areas and that the capillaries have become leaky. But if you find that trypan blue does not leak into adjacent areas, you shouldn't exclude the possibility of more selective modification. The trypan blue experiments are relatively crude, however, and should be combined with the Oldendoff technique.
Steffens." What about peptides that are apparently found in high concentrations in the brain, such as CCK? Are they transported into the brain or are they synthesized there?
Pardridge." I really don't know, but I expect that several upcoming papers will address this issue. In general, studies aimed at answering your question have not been done.
Porte: So how do peptides actually gain access to the brain?
Pardridge: This is obviously a very controversial area. My bias is that peptides follow the same principles as other compounds. Numerous studies have provided negative evidence for the passage of peptides into the brain or for only a very slow passage. So for present, we must conclude that the BBB is relatively impermeable to them. I would be willing to switch boats as soon as someone demonstrates a specific BBB transport system for a peptide. For now we can say that peptides enter brain only very slowly and probably into the CSF via the leaky capillaries of the choroid plexus and other cros. But you must remember that only around one five thousandth of the total brain capillary surface area is represented by the choroid plexus. This mechanism does exist, however, for the slow diffusion of peptides into the CSF.
Porte: Can you make some comments about 3-o-methyl glucose and other sugars. Are they competitive with glucose for transport into the brain? Are their observed effects due only to this CNS exclusion or are there other metabolic effects? I'm not aware of metabolic effects of 3-o-methylglucose, but perhaps not enough has been given.
Pardridge." Yes, that would make an interesting experiment. The affinity of the transport system is 11/2 times greater for 2-DG than for glucose, whereas the affinity of hexokinase for glucose is 21/2 times what it is for 2-DG. The 2-DG molecule is therefore going to have a greater impact at the transport system. But this doesn't mean that 2-DG can't have a metabolic effect as well.
Porte: So, if you give 2-DG, the CNS gets relatively a lot. This in turn triggers reflexes causing rapid peripheral hyperglycemia and thus probably circumventing a peripheral hypoglycemic effect from ever really occurring. There may normally never be much peripheral effect of 2-DG.
Pardridge: Probably, but 2-DG could have the same effect peripherally but it is masked because peripheral tissues, unlike the brain, can recruit alternative carbon sources for fuel.
Nicolaidis: There is actually a very strong peripheral effect of 2-DG. It causes a marked decrease of total oxygen consumption which cannot be attributed soleley to the CNS.
Porte: But how can you be sure that the effect is peripheral? After all, the brain is the major consumer of oxygen at rest.
Nicolaidis:
Yes, but the drop is too large to be attributed to the brain only.
Porte: There's no question that if you give 2-DG in very large doses, you can get peripheral effects. All I'm suggesting is that when the drug is normally given, there's a very strong central effect and that this cannot easily be separated from other peripheral actions.
B. Jeanrenaud: Fat cells have decreased ATP when 2-DG is administered, but this has only been assessed in vitro.
Sclafani: One way to determine if there are normally peripheral effects of 2-DG would be to give alpha adrenergic blockers into the CSF. This is reported to block many of 2-DG's central effects, such that peripheral effects could be measured independently.
Porte: How are these eight transport systems regulated? Is their function merely to get nutrients into the brain at a high rate, or are there specific signals involved?
Pardridge." There are many instances of modulation of specific BBB transport systems. For instance, the glucose transport system is enhanced by T3. The neutral amino acid system is greatly induced in hepatic encephalopathy, and indeed, that's probably the main reason you see elevated tryptophan and serotonin in the cirrhotic brain. Recall that four carriers are greatly enhanced during the perinatal period. And (basic amino acid, choline, purine base, nucleoside) the ketone-lactate system is activated during fasting or any ketotic state.
